Objective: Nontraumatic spinal cord injuries (NTSCIs) form a heterogeneous group of diseases, which may evolve into a life-threatening condition. We sought to characterize spectrum, causes of admission and predictors of death in patients with NTSCI treated at the neurological intensive care unit (NICU). Methods: We performed a retrospective observational analysis of NTSCI cases treated at a tertiary care center between 2001 and 2013. Among the 3937 NICU admissions were 93 patients with NTSCI (2.4%). Using multivariate logistic regression analysis, we examined predictors of mortality including demographics, etiology, reasons for admission and GCS/ SAPS (Glasgow Coma Scale/Simplified Acute Physiology Score) scores. Results: Infectious and inflammatory/autoimmune causes made up 50% of the NTSCI cases. The most common reasons for NICU admission were rapidly progressing paresis (49.5%) and abundance of respiratory insufficiency (26.9%). The mortality rate was 22.6% and 2.5-fold higher than in the cohort of all other patients treated at the NICU. Respiratory insufficiency as the reason for NICU admission [odds ratio (OR) 4.97, 95% confidence interval (CI) 1.38-17.9; p < 0.01], high initial SAPS scores (OR 1.04; 95% CI 1.003-1.08; p = 0.04), and the development of acute kidney injury throughout the stay (OR 7.25,; p = 0.004) were independent risk factors for NICU death. Conclusions: Patients with NTSCI account for a subset of patients admitted to the NICU and are at risk for adverse outcome. A better understanding of predisposing conditions and further knowledge of management of critically ill patients with NTSCI is mandatory.
Introduction
Spinal cord injury (SCI), regardless of traumatic or nontraumatic origin, results in high burden of impairment and devastating outcomes. A systematic review revealed that overall mortality of patients with SCI is up to three times higher than in the general population when analyzing standardized mortality rates [Van Den Berg et al. 2010] . Notably, survival rates are lower in individuals with nontraumatic SCI (NTSCI) compared with those with traumatic SCI. Lower survival rates were associated with older age, higher neurological levels, and completeness of SCI. Causes of death stemmed from secondary complications, with failure of the respiratory system being the leading cause. Runner-ups were disorders of the heart and the circulatory system. The epidemiology of SCIs has undergone substantial changes during recent years. The incidence of NTSCIs is increasing as it occurs more commonly in older age groups [Sebastia-Alcacer et al. 2014] . Given global ageing, the incidence of NTSCIs may even surpass their traumatic counterparts within a few decades [New and Sundararajan, 2008; Noonan et al. 2012] .
Leading causes of NTSCI are tumors and degenerative diseases of the spinal column followed by vascular and autoimmune disorders [New et al. 2015] . A prospective study of 585 adult patients with spastic paraparesis or tetraparesis in Northern England provided further insights to the relative distribution of different causes [Moore and Blumhardt, 1997] . The most frequent underlying condition was cervical spondylotic myelopathy (24%), followed by extrinsic neoplastic or developmental tumor (16%) and multiple sclerosis (18%) and motor neuron disease (MND, 4%) . A further 15 other diagnoses accounted for the remainder, whereas the diagnosis remained uncertain in 27.4%. With the lack of evidencebased guidelines, management is adapted to the specific circumstances of individual patients and conditions, resources and experiences of the treating physicians [Sellner et al. 2010; Scott et al. 2011; Andersen et al. 2012; Savage et al. 2014; Leveque et al. 2015; Readdy et al. 2015] . Independent of the underlying pathology, patients with SCIs frequently require admission to an intensive care unit due to life-threatening conditions arising during the acute or chronic course of the disease. While several studies characterized the population of critically ill patients with traumatic SCI, there is scant knowledge about patients with NTSCI who require admission to an ICU [Zach et al. 1976; Hachen, 1977; Tator et al. 1984; Ryken et al. 2013] . Intensive cardiopulmonary support is the mainstay of ICU treatment due to traumatic SCI due to the occurrence of neurogenic shock and ventilatory insufficiency and in an attempt to reduce secondary injury [Casha and Christie, 2011 ]. Yet, reasons for admission may differ between traumatic SCIs and NTSCIs in various aspects including the frequency of comorbid conditions, physiologic reserve and disease course, as well as intensive care management [New et al. 2002] .
Here, we aimed to characterize a cohort of critically ill patients with NTSCI and analyzed their disease course while treated on a neurological intensive care unit (NICU). In addition, we sought to identify independent risk factors to predict NICU mortality.
Methods

Patients
We conducted a retrospective observational study of NTSCI patients admitted to the NICU of a tertiary care center. The study period was 2001-2013, and the bed capacity was eight until January 2012 and nine thereafter.
We used the electronic database of the hospital and reviewed the medical charts for patients with a diagnosis of NTSCI at NICU admission. The definition of NTSCI was the presence of a nontraumatic condition causing spinal cord dysfunction. We classified the etiology of NTSCI according to the International Spinal Cord Injury Society (ISCoS) consensus [New and Marshall, 2014] . Patients in need of immediate surgical intervention were also included in the analysis. Age <18 years, pregnancy, and any traumatic cause of SCI including iatrogenic conditions were considered as exclusion criteria. When a repeat NICU admission took place, only data from their first stay were included in the statistical analysis.
Data collection
We extracted information on the following covariates from the medical charts: demographic data, comorbidities, pre-existent NTSCI, reason for NICU admission, level of SCI, and Glasgow Coma Scale (GCS) items. The Simplified Acute Physiology Score (SAPS) II was calculated on admission [Le Gall et al. 1993 ]. In addition, we recorded need for and type of spinal surgery, need for mechanical ventilation, tracheostomy, invasive hemodynamic monitoring, pharmacological circulatory support, blood transfusion, extracorporeal therapies, as well as the incidence of acute kidney injury and NICU-related complications (urinary tract infection, ventilator-associated pneumonia, hemorrhage, central-line-associated bloodstream infection, thromboembolic complications). We used the definitions from the Kidney Disease Improving Global Outcomes consensus paper for acute kidney injury [Kellum and Lameire, 2013] . At NICU discharge, we recorded changes in neurological function compared to NICU admission, transfer destination, length of NICU stay, need for NICU readmission, NICU mortality, and causes of death.
Ethics approval
The Medical Ethics Committee of the County of Salzburg reviewed the protocol and waived the requirement for ethical review for this retrospective study (415-EP/73/539-2015) .
Statistical analysis
We used IBM SPSS Statistics software package for statistical analysis (IBM SPSS Statistics 20; Erlangen, Germany). Comparisons between different NTSCI subgroups were performed with a one-way analysis of variance (ANOVA) or the χ 2 test, as appropriate. In order to identify independent risk factors predicting NICU mortality, bivariate correlation analyses were calculated. All variables which were significantly correlated with NICU mortality at a p-value <0.05 qualified for inclusion into a multivariate model in which NICU mortality served as the dependent variable. Before entering variables into this model, interaction relationships were evaluated and variables showing a Spearman rank correlation coefficient >0.5 were excluded. The binary logistic regression model was then calculated using stepwise forward inclusion. Results of the regression analysis are expressed as odds ratios (ORs) and 95% confidence intervals (CIs). In all analyses, p-values were two-tailed, and a p-value <0.05 was considered to indicate statistical significance. All data are presented as median values with absolute ranges, if not otherwise indicated.
Results
Identification of patients with NTSCI
We identified 5150 patients who were treated at the NICU during the study period. Of these, 1213 patients required repeated admissions resulting in 3937 primary NICU admissions. We found 93 patients (2.4%), which had a NTSCI as underlying condition. The selection process and the frequency of different etiologies are shown in Figure 1 . Infectious (spinal epidural abscess, n = 23; tetanus, n = 2) and inflammatory/ autoimmune causes (ADEM, n = 3; transverse myelitis n=8; multiple sclerosis, n = 10) made up 50% of the cases. Six patients with myelitis fulfilled the radiological criteria for longitudinally extensive transverse myelitis. Further etiologies included MND (n = 12), vascular disorders (spinal cord infarction, n = 12; intraspinal hemorrhage: arteriovenous malformation, n = 3; cavernoma, n = 2) and disorders of the vertebral column (cervical myelopathy, n = 8). Less frequent were genetic disorders (spinal muscular atrophy type II, n = 2; spinal muscular atrophy type IV, n = 1; Friedreich's ataxia, n = 1) and neoplastic causes (primary intraspinal tumors, n = 2; metastases n = 4). Table 1 summarizes the clinical characteristics of the cohort. A total of 28 (30.1%) patients suffered acute exacerbation of a pre-existent NTSCI. Differences between NTSCI subgroups were observed for age, frequency of pre-existent neuromuscular diseases and malignancy, pre-existent NTSCI, level of SCI, reason for NICU admission, need for spinal surgery, and incidence of neurological improvement at NICU discharge. The most common reasons for NICU admission were rapidly progressing paresis (49.5%) and abundance of respiratory insufficiency (26.9%). The rate of patients with improved neurological function at discharge was 36.6%. None of the patients with MND, neoplasia or genetic disorders improved over the NICU stay. The overall mortality rate for NTSCI was 22.6%. The overall NICU mortality for all other patients admitted to the NICU during the study period was 9.0% (annual range 6.1-19.2%). Thus, risk for death at the NICU was 2.5-fold higher for patients with NTSCI. Significant death rates were present in patients with genetic disorders (50%) and MND (41.7%). Table 2 depicts characteristics of the NICU stay and related interventions. Almost half of the patients required mechanical ventilation, and duration of mechanical ventilation showed great variability. A tracheostomy was performed in 21.5%, some patients required therapeutic plasma exchange. Renal failure was observed in 29%. Vasopressor therapy and blood transfusion was performed in 40.9% and 21.5%, respectively. Urinary tract infection and ventilator-associated pneumonia made up more than 50% of the NICU-related complications. The most frequent causes of NICU death were respiratory failure (7.5%) and multiple organ dysfunction (9.7%). ICU survivors were transferred to the neurological ward (61.5%), another ICU (7.5%), a longterm care facility (7.5%), or home (2.2%).
Patient characteristics
Variables related to the NICU stay
Predictors of NICU death
The NICU admission SAPS II count, NICU admission GCS, need and duration for mechanical ventilation, rate of noninvasive ventilation, as well as the need for therapeutic plasma exchange differed between NTSCI subgroups. A cervical level of injury, respiratory insufficiency as the reason for NICU admission, the SAPS II, and development of acute kidney injury during the NICU stay independently predicted NICU mortality in a multivariate analysis (Table 3) .
Discussion
In this retrospective study, we identified 2.4% of a NICU population to suffer from NTSCI. Infection, inflammatory and vascular disorders as well as MND were the most frequent causes of NTSCI. All-cause NICU mortality was 22.6% with multiple organ dysfunction and respiratory failure being the leading causes of death. NTSCI subgroups differed in age, pre-existent diseases, level of SCI, reason for NICU admission, as well as the need for surgery and specific NICU interventions. A cervical level of injury, respiratory insufficiency as reason for NICU admission, SAPS II, and development of acute renal failure were independent risk factors for mortality. Although the percentage of NICU patients with NTSCI appears small, the frequent need for mechanical ventilation, prolonged NICU stay, as well as a comparatively high readmission rate and NICU mortality suggest that these patients require special attention and specific knowledge of the neuro-intensivist. With a significant variation between NTSCI subgroups, the spinal cord lesion involved the cervical level in two thirds of patients. Patients with acute episodes of NTSCI suffered from infection, degenerative, vascular or inflammatory disorders and predominantly required NICU admission because of rapidly progressing paresis. On the other hand, patients with pre-existent NTSCI, typically those with multiple sclerosis, MND, neoplastic or genetic disorders, were admitted to the NICU because of medical complications such as respiratory insufficiency or impaired consciousness.
When compared with a population of NTSCI admitted to a spinal rehabilitation unit, our critically ill NTSCI patient population included a higher percentage of patients with infection, inflammatory and vascular disorders, but a lower rate of patients with degenerative or neoplastic spinal conditions [New et al. 2015] . This difference may be explained by the typically acute onset of infectious, inflammatory and vascular disorders as well as their higher rate of neurological improvement compared with the other NTSCI 
Age (years)
61 (17) 68 (12) 48 (22) 67 (14) 65 (10) 67 (13) 59 (15) 53 ( 
Duration of mechanical ventilation (days)
12 ( Data are given as median values with minimum and maximum, if not indicated otherwise.
subgroups [Sellner et al. 2009; Heldner et al. 2012 ]. On the other hand, we cannot exclude that some NTSCI patients with degenerative or neoplastic NTSCI were transferred directly to a medical or neurosurgical ICU, or were not admitted due to palliative care. The latter is further supported by a prospective study on survival in NTSCI patients with malignant spinal cord compression. The authors reported a median survival of only 2.9 months [Loblaw et al. 2003 ]. It also needs to be noted that the case mix of admissions may be driven by the relative frequencies of NTSCI in the region. For instance, a hospitalbased study of frequencies of NTSCI at a tertiary care center in Yaounde, Cameroon reported that etiologies were dominated by primary and secondary spinal tumors including prostate carcinoma, lymphoma and liver carcinoma and each accounted for 24.5% of cases [Lekoubou Looti et al. 2010] . Their case series also comprised patients with spinal tuberculosis (12.9%), tropical spastic paraparesis (4.8%), and HIV myelopathy (1.4%). Spinal tuberculosis and Pott`s disease may be prone to NICU treatment.
In contrast to patients with traumatic SCI, critically ill patients with NTSCI are older, have a more balanced male-to-female ratio and suffer from comorbid diseases in the majority of cases [New et al. 2011; Jain et al. 2015; Majdan et al. 2015] . Another difference to traumatic SCIs is the rate of neurologic improvement during the NICU stay, which was observed in 36.6% of all patients, or even in 43.1% when analyzing only NTSCI patients with acute NTSCI.
The most frequent interventions in the NICU were mechanical ventilation, invasive hemodynamic monitoring and pharmacological circulatory support. While approximately 50% of NTSCI patients required mechanical ventilation, the percentage was highest in patients with MND and those with genetic disorders. In most cases requiring mechanical ventilator support, noninvasive ventilation was attempted initially, but resulted in a high failure rate independent of the NTSCI subgroup. One potential reason for this high failure rate of noninvasive ventilation could be the prolonged requirement of mechanical ventilatory support, which was especially the case in NTSCI patients with vascular and degenerative disorders as well as in those with MND. The fact that almost half of NTSCI patients admitted to the NICU required pharmacological support to preserve hemodynamic function is due to affection of sympathetic circulatory regulation by the [Sakr et al. 2012; Sekulic et al. 2015] . Similarly, respiratory insufficiency has been shown to be a major indicator for morbidity and mortality after acute traumatic SCI [Reines and Harris, 1987] . Interestingly, a cervical level of NTSCI appeared to be a protective factor. As these patients were typically admitted to the NICU before respiratory insufficiency developed, it can be hypothesized that NICU admission of NTSCI patients before development of organ dysfunction, in particular respiratory failure, is associated with improved survival.
When interpreting the results of this study, relevant limitations need to be acknowledged. Since study data were collected only at one center, our results cannot be extrapolated to other hospitals and settings as differences in NICU admission policy, therapeutic management and end-of-life decisions may exist [Aslakson et al. 2014; Fowler et al. 2015] . Some NTSCI subgroups, such as patients with degenerative, neoplastic or genetic disorders, comprised only few cases. Therefore, it is likely that the results for these subgroups would have been different had more patients been included. Given the comparatively low incidence of these NTSCI subgroups and the long observation period of our study, it seems that only a multicenter approach can render more valid data. Finally, we used a retrospective study design, which per se carries the disadvantage of missing values and incomplete datasets in some study patients. Although NTSCI patients make up a small part of NICU patients, they pose specific challenges to the neuro-intensivist. Further research on the management of critically ill patients with NTSCI is warranted.
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